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been  made  to  the  electrochemistry  of  organophosphorous  compounds  as  well  as  to  the 
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SUMMARY 


The  program  started  on  August  1,  1983  and  ended  on  February  29,  1988.  This 
program  Is  a  part  of  the  effort  towards  finding  effective  methods  of  decon¬ 
tamination. 

The  program  was  focused  on  studying  the  interaction  of  various  solids  with 
warfare  chemical  agents  or  simulants  thereof.  The  study  was  performed  on 
liquid-solid  and  gas-solid  Interfaces.  The  program  was  divided  into  three 
areas  of  study: 

1.  Investigation  of  the  electrochemistry  of  the  agents  or 
simulants  to  determine  if  they  are  susceptible  to  oxida¬ 
tion  and  reduction  reactions. 

2.  Studies  of  the  photoelectrochemical  degradation  of  the 
simulants  by  semiconductors  In  solution. 

3.  Evaluation  of  the  gas-solid  reactions  on  surfaces  that 
are  potentially  active  In  decontamination. 


Our  findings  can  be  summarized  as  follows: 


•  Particulate  oxide  semiconductors,  appropriately  pre¬ 
treated,  can  accelerate  the  decomposition  of  aqueous 
cyanide  Ions  under  illumination.  This  fact  was  demon¬ 
strated  for  platinized  titanium  dioxide. 

•  The  removal  of  dl Isopropyl  fluorophosphate  Is  accelerated 
by  Illumination  of  slurries  containing  n-type  semiconduc¬ 
tors,  such  as  titanium  dioxide  or  zinc  oxide.  The  Illu¬ 
mination  must  be  performed  with  photons  that  have  energy 
larger  than  the  bandgap  of  the  oxide  (>3  eV). 


•  Our  studies  showed  that  phosphorus-containing  organic 
compounds  with  the  general  formula  R0P(0)XiX2  (with  Xj  2 
=  R0-,  C1-,  H-,or  HsC-)  are  electrochemical ly  stable, 
even  in  solvents  allowing  for  large  potential  windows, 
such  as  acetonitrile,  and  dlmethylformanide. 

•  Zinc  oxide  and  titanium  dioxide  adsorb  dimethyl  methyl- 
phosphonate  (DUMP)  In  a  dissociative  fora  If  heated  or 
Irradiated  with  light  whose  photons  have  energy  larger 
than  the  bandgap  of  the  oxide. 
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•  We  have  shown  that  the  nature  of  adsorption  on  DMMP  on 
various  oxides  correlates  very  well  with  thermodynamical 
properties  of  the  oxides,  such  as  the  heat  of  formation 
of  the  metal-oxygen  bond  of  the  oxide,  or  its  Isoelectric 
point.  The  experiments  were  performed  In  the  series: 
aluminum  oxide,  magnesium  oxide,  titanium  oxide,  tung¬ 
sten  oxide,  and  zinc  oxide. 

Our  study  indicates  that  non-catalytlc  electrochemical  treatment  of  solutions 
contaminated  with  organophosphorous  compounds  Is  not  effective.  Our  results 
also  Indicate  that  organophosphorous  compounds  are  effectively  adsorbed  on 
oxide  surfaces.  The  main  body  of  future  work  along  this  path  should  therefore 
be  directed  towards  finding  better  catalysts  for  decomposition  of  the  adsor¬ 
bates,  as  well  as  for  desorption  of  the  products.  We  made  some  progress  In 
this  direction  and  our  results  suggest  that  catalysis  might  be  favored  on  the 
surface  of  titanium  dioxide  and  tungsten  oxide. 

Participants: 

The  following  Is  a  list  of  people  that  have  been  Involved  In  the  various  stages 
of  this  project: 

Principal  Investigator(s) 

Dr.  Benedict  Aurlan-Blajenl 
Dr.  Timothy  L.  Rose 

Senior  Scientists 

Dr.  Benedict  Aurlan-Blajenl 
Or.  Thomas  J.  Lewis 
Dr.  Chennlah  Nanjundlah 

’  Staff  Scientist 

Ms.  Michele  M.  Boucher  (B.A.)  -  10/87  to  02/88 


-  10/87  to  02/88 

-  08/83  to  10/87 


-  08/87  to  10/87 

-  09/85  to  08/87 

-  08/83  to  09/85 


The  conclusions  summarized  above  were  presented  In  various  forms  and  forums 
Following  Is  a  list  of  publications  and  presentations  of  results  sponsored 
under  this  contract. 


Publications 


C.  Nanjundiah  and  T.  L.  Rose,  "Enhancement  of  the  Rate  cf  Photooxidation  of 
CN“  on  HO2  Photoanodes,"  Extended  Abstract  #646,  166th  Meeting  of  The 
Electrochemical  Society,  New  Orleans,  LA,  1984. 

T.  L.  Rose  and  C.  Nanjundiah,  “Rate  Enhancement  of  Photcoxidation  of  CN~  with 
HO2  Particles,"  J.  Phys.  Chem.,  89,  3766  (1985)  -  Technical  Report  No.  1. 

T.  L.  Rose  and  C.  Nanjundiah,  "Accelerated  Decomposition  of  DFP  on  Illuminated 
Semiconductor  Particles,"  Proceedings  of  the  1985  Scientific  Conference  on 
Chemical  Defense  Research,  M.  Rausa,  Ed.,  CRDEC-SP-86007,  p.  299,  1986  - 
Technical  Report  No.  2. 

C.  Nanjundiah  and  T.  L.  Rose,  "Cyclic  Voltammetrlc  Analysis  of  Organophospho¬ 
rous  Esters,"  J.  Electrochem.  Soc.,  1J3,  955  (1986)  -  Technical  Report  No.  3. 

C.  Nanjundiah  and  T.  L.  Rose,  "Electrochemical  Investigation  of  Phenylphos- 
phorodichloridate,"  Extended  Abstract  #487,  169th  Meeting  of  The  Electrochemi¬ 
cal  Society,  Boston,  MA,  1986  -  Technical  Report  No.  4. 

C.  Nanjundiah,  T.  J.  Lewis  and  T.  L.  Rose,  "Electrochemical  Investigation  of 
Phenylphosphorodlchloridate,"  Electrochim.  Acta,  33,  279  (1988)  -  Technical 
Report  No.  5. 

T.  J.  Lewis,  B.  Aurlan-Blajeni  and  T.  L.  Rose,  "Decomposition  Reactions  of 
Dimethyl  Methylphosphonate  on  Heated  and  Irradiated  Semiconductor  Surfaces," 
Proceedings  of  the  1987  Scientific  Conference  on  Chemical  Defense  Research, 

M.  Rausa,  Ed.,  to  be  published  in  1988  -  Technical  Report  No.  6. 

B.  Aurlan-Blajeni  and  M.  M.  Boucher,  "Interaction  of  Dimethyl  Methylphospho¬ 
nate  with  Oxides,"  submitted  for  publication  In  Langmuir.  Technical  Report  No. 
7. 


Public  Presentations 


Enhancement  of  the  Rate  of  Photooxidation  of  CN"  on  Ti02  Photodiodes,  by  C. 
Nanjundiah  and  T.  L.  Rose,  166th  Meeting  of  The  Electrochemical  Society,  New 
Orleans,  LA,  May  1984. 

Accelerated  Decomposition  of  OFP  on  Illuminated  Semiconductor  Particles,  by  T. 
L.  Rose  and  C.  Nanjundiah,  The  1985  Scientific  Conference  on  Chemical  Defense 
Research,  Aberdeen  Proving  Grounds,  MD,  November  1986. 

Use  of  Semiconductor  Diode  Particles  for  Photodecomposition  of  Toxic  Materi¬ 
als,  by  T.  L.  Rose,  seminar  presented  at  Haverford  College,  Haverford,  PA, 
April  1986. 

Electrochemical  Investigation  of  Phenylphosphorodichloridate,  by  C.  Nanjundiah 
and  T.  L.  Rose,  169th  Meeting  of  The  Electrochemical  Society,  Boston,  MA, 

May  1986. 


3 


Surface  Adsorption  and  Decomposition  of  Dlmethylmethylphosphonate  on  ZnO  Sur¬ 
faces,  by  T.  L.  Rose  and  T.  J.  Lewis,  193rd  National  Meeting  of  the  American 
Chemical  Society,  Denver,  CO,  April  1987. 

Photodecomposition  of  D1methylmeJ'  'Iphosphonate  on  Irradiated  ZnO  Surfaces,  by 
T.  L.  Rose,  NATO  ASI-Double  Jump  .jurse  on  New  Trends  and  Applications  of 
Photocatalysis  and  Photoelectrochemistry,  Cefalu,  Sicily,  Italy,  September 
1987. 

Decomposition  Reactions  of  Dimethyl  Methyl phosphonate  on  Heated  and  Irradiated 
Semiconductor  Surfaces,  by  T.  J.  Lewis,  B.  Aurian-Blajeni  and  T.  L.  Rose,  The 
1987  Scientific  Conference  on  Chemical  Defense  Research,  Aberdeen  Proving 
Grounds,  MD,  November  1987. 


OL/11 13/87/2 


TECHNICAL  REPORT  DISTRIBUTION  LIST,  GEN 


Copies  Copies 


Office  of  Naval  Research  2 

Attn:  Code  1113 
800  N.  Quincy  Street 
Arlington,  Virginia  22217-5000 

Dr.  Rernard  Douda  1 

Naval  Weapons  Support  Center 
Code  50C 

Crane,  Indiana  47522-5050 

Naval  Civil  engineering  Laboratory  1 

Attn:  Dr.  R.  W.  Drlsko,  Code  L52 
Port  Hueneme,  California  93401 


Defense  Technical  Information  Center  12 
Building  5,  Cameron  Station 
Alexandria,  Virginia  22314 


DTNSRDC  1 

Attn:  Dr.  H.  Slngerman 
Applied  Chemistry  Division 
Annapolis,  Maryland  21401 

Dr.  Hi  111am  Tolies  1 

Superintendent 

Chenlstry  Division,  Code  6100 
Naval  Research  Laboratory 
Washington,  D.C.  20375-5000 

Administrative  Contracting  Officer  1 

Code  FACC-C2  (Attn:  John  Sheehan) 

DCASMA,  Boston 
495  Summer  Street 
Boston,  MA  02210 


Dr.  David  Young  1 

Code  334 

NORDA 

NSTL,  Mississippi  39529 

Naval  Weapons  Center  1 

Attn:  Dr.  Ron  Atkins 
Chenlstry  Division 
China  Lake,  California  93555 

Scientific  Officer  1 

Commandant  of  the  Marine  Corps 
Code  RD-1 

Washington,  D.C.  20380 

U.S.  Army  Research  Office  1 

Attn:  CRD-AA-IP 
P.0.  Box  12211 

Research  Triangle  Park,  NC  27709 

Mr.  John  Boyle  1 

Materials  Branch 
Naval  Ship  Engineering  Center 
Philadelphia,  Pennsylvania  19112 

Naval  Ocean  Systems  Center  1 

Attn:  Dr.  S.  Yamamoto 
Marine  Sciences  Division 
San  Diego,  California  91232 


Director  6 

Naval  Research  Laboratory 
Attn:  Code  2627 
Washington,  D.C.  20375 


5 


